The frequency of resonance of an evacuated cavity resonator in the form of a right circular cylinder is given by the formula ' •jm+mi'-k} in which vQ is the free-space velocity of electromagnetic waves, D and L are the internal diameter and length respectively of the cylinder, r is a constant for a particular mode of resonance, n is the number of half-wave-lengths in the resonator and Q is the quality factor. Assuming the validity of this equation the value of v0 can be obtained from measured values o f /, £>, L and Q.
T he velo city o f propagation o f electrom agnetic w aves is, in M axw ell's theory, given b y l/^(jtie), (i being th e perm eability and th e p erm ittivity o f th e m edium in rationalized practical units. T he value for a vacuum , 1 /V(/*oeo)» i® a constant o f fundam ental im portance, being theoretically identical w ith th e v elocity o f light, and appearing in a great num ber o f electrical calculations. During recent years its value has also becom e o f significance in th e field o f radio engineering, since it is required for th e calculation o f th e resonant frequencies o f electrical circuits, such as ca v ity resonators, and also for m ethods o f navigation depending on radio w aves. T he m easurem ent o f th is con stan t has attracted m any research workers, and p os sibly more effort has been d evoted to it th an to th e determ ination o f any other general constant. In m ost o f th e experim ents th a t have been performed th e velocity o f light has been determ ined directly b y the m easurem ent o f th e tim e occupied in its travel over a certain distance. In all cases th e tim e interval is produced b y a revolving or alternating m echanism so th a t th e quantities actually m easured are frequency and distance. B o th o f th ese can be m easured w ith a high accuracy-b etter th an 1 part in 105-and th e m ain experim ental difficulty appears to be th e ad ju stm en t o f th e variable frequency or len gth to correspond to th e fixed len gth or frequency as th e case m a y be. In order to elim inate as far as possible th e random observational errors a great num ber o f determ inations are necessary. E v en so it w as found in th e m ost reliable up to th a t tim e. T he final value given is 2 9 9 ,7 1 0 k m ./sec., w hich is th e m ean o f ab ou t 900 individual determ inations, th e average d eviation is 22 k m ./sec. and th e estim ated m axim um error is 30 k m ./sec., apart from uncer tain ties in th e valu e tak en for th e international ohm . T his latter con stan t is now know n w ith an accuracy o f ab out 2 parts in 105, and Birge (1941) has applied a correction to their results to obtain a value o f 299,784 km ./sec. U sin g all th e reliable d ata existin g a t th e tim e Birge gives th e m ost probable valu e for th e con stan t as n"0 . . . , c = 299,776 ± 4 k m ./sec.
In recent years a num ber o f experim enters have m easured th e speed o f travel o f electric w aves o f frequencies o f th e order o f a few M cyc./sec., b ut th e accuracy achieved w as in general inferior to 1 % (Sm ith-R ose 1943), so th a t these m easure m ents cannot y e t be taken into account in discussions on th e value o f th e constant.* T he experim ent described in th is paper presents fewer technical difficulties than any m eth od previously described. I t consists in th e m easurem ent o f th e frequency o f electrical resonance o f a hollow copper cylinder, and th e calculation o f th e frequency from electrom agnetic theory. I t is sim ilar in principle, therefore, to th e experim ent o f R osa & D orsey b u t also has som e p oints in com m on w ith th e * The accuracy has been greatly increased in works published since this was written and the probable error is now of the order of 1 partin 104 (Jones 1947; Smith, Franklin & Whiting 1947). v elo city o f ligh t experim ents in th a t th e on ly q uan tities m easured are th e d im en sions o f th e apparatus and a frequency. T he frequency m easured is, how ever, th a t o f th e electrom agnetic w ave itse lf and n o t th a t o f a m od u lation im posed on th e w ave. M oreover, th e frequency o f th e oscillations is o f th e order o f 3 x 109 cyc./sec. com pared w ith 5 x 1014 cyc./sec. for ligh t vibrations. T he dim ensions and th e frequency can be alined b y settin g to resonance w ith a precision o f a few parts in 106 so th a t th e accuracy o f observation is o f th e sam e order as th a t o f th e m easure m en t o f th e dim ensions and frequency. L ittle is gained, therefore, b y m aking a large num ber o f determ inations, and th e authors feel justified in claim ing a rather higher accuracy for a single m easurem ent th an is claim ed b y previous workers for their averaged results. T he result obtained is 299,792 k m ./sec. T his valu e is lk m ./s e c . lower th an th a t w hich has already appeared in E ssen (1947), b u t th e difference arises on ly from th e fact th a t as th e work proceeded th e calculations were m ade to m ore significant figures th an appeared to be w arranted a t first.
The experiment arose out of work on cavity resonator wave-meters, and some deductions concerning the velocity of propagation were made in a previous paper (Essen 1946) . The work has been done concurrently with an already full programme, and except for the cavity resonator itself existing equipment has been used. As the experiment progressed it became clear th at further work with different modes of resonance and with cavities of different types would be of interest, particularly as the final result obtained is 16 km./sec. higher than the previously accepted value of 299,776 km./sec. Such work would provide further experimental evidence concerning the extent of the different sources of possible error.
P lans have been m ade to continue th e work as th e op portu nity arises, b ut in th e m eantim e it is th ou gh t th a t th e m easurem ents already m ade are o f sufficient interest to m erit publication.
T h e o r y o f t h e m e t h o d
The resonant frequency of a right circular hollow cylinder closed at both ends is given by Sarbacher & Edson (1943) as The m odes o f resonance which were finally used in the experim ent were th e E010 and Eon and for both o f these m odes th e value o f r is 2-404825, n being 0 and 1 respectively. T he above form ula is derived on th e assum ption th a t the w alls o f th e ca v ity are p erfectly conducting. In practice, ow ing to th e finite con d u ctivity o f th e w alls, th e m agnetic field p enetrates th em to som e depth, and th e field configuration therefore differs from th a t assum ed in th e case o f a perfect resonator. N o com plete solution has y e t been obtained for th is case, b u t analogy w ith electrical circuits resonating at low frequencies suggests th a t th e effective inductance o f th e system is increased as a result o f th e field inside th e w alls and th a t th e resonant frequency is therefore reduced. A pproxim ate expressions h ave been derived for th e effect on th e resonant frequency. Bernier ( 1946) , for exam ple, has show n th a t if th e propagation con stan t in the lossless guide is /?(= 2n/X = 2 n f l v , w here A is th e w a then th e propagation con stan t in a guide o f finite con d u ctivity is
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where A is a function o f the field and e is th e skin dep th which depends on th e con d u ctiv ity in accordance w ith th e w ell-know n skin-effect form ulae. The im aginary part o f th is expression corresponds to th e atten uation , b u t th e real part corresponds to a reduction in frequency. P u ttin g th e expression in term s o f frequency we have 
fimn being th e m easured frequency and Q th e m easured q uality factor.
T he m easured
Q' s were rather lower th an the calculated values, which is experience w ith ca v ity resonators. The reduction is probably due to either m echanical im perfections o f the surface or an increased resistivity o f th e skin due to th e m ech anical treatm ent it receives. In an y case it seem s likely th a t th e effect causing higher resistiv ity m ust also give a greater frequency correction and th a t th e m easured value should be used. T he resonator is coupled to the source o f oscillations and to a detector b y sm all probes through holes in one o f the end-w alls o f the cylinder, and it is im portant to consider the effects o f this coupling on frequency. The theoretical treatm ent would present considerable difficulties, but previous experim ental results had indicated th a t th e degree o f coupling could be reduced u n til th e effect on frequency was negligible. I t w as decided, therefore, to treat th is as an experim ental problem and to establish th a t th e effect w as negligible w ith in prescribed lim its o f accuracy. 
D e s c r i p t i o n o f t h e a p p a r a t u

3*2. The cavity resonator
A num ber o f factors were considered in th e choice o f th e m aterial, shape and size o f the resonator. In order to obtain a sufficiently sharp resonance th e inner surface, to a depth equal to th e penetration o f the field, m ust be highly conducting, b ut unfortunately highly conducting m etals such as copper and silver are also soft and have a high tem perature coefficient o f expansion. T hey cannot therefore be worked w ith the highest precision, and the m easurem ent o f th e dim ensions o f a resonator m ade from such m aterials presents som e difficulty. The alternatives o f plating a hard m etal or fused quartz were considered, but it was th ou ght th at the plating could n o t be effected w ith th e necessary precision and th a t the soft m etal surface w ould still require to be worked. Most o f th e advantages would therefore be annulled, and th e rem aining one o f low-tem perature coefficient was n ot believed to be o f param ount im portance as tem perature was unlikely to be a lim iting factor in th e accuracy o f m easurem ent. I t w as decided, therefore, to use solid copper as th e m aterial a t least for th e first experim ents.
T he frequencies o f resonance can be calculated readily b y existin g th eoretical m ethods for on ly sim ple shapes o f resonator, such as th e right circular hollow cylinder, th e sphere and th e rectangular parallelepiped.
O f th ese th e la st has som e ad vantages, since it can be b uilt from op tically flat plates and its dim ensions m easured b y interferom eter m ethods, b ut it w ould be m ore difficult to m ake th an th e cylinder, and th e large num ber o f sharp edges and join ts is a d isadvantage. T he sphere has th e advantage o f freedom from sharp edges but is n o t e a sy to m ake w ith th e required precision. I t w as decided, therefore, to use th e cylindrical form for th e first experim ents. There is considerable latitu T he crystal detector used in th e early experim ents w as a standard cartridge m ounted silicon crystal w ith a tu n gsten wire (type no. C V 113), and its direct current ou tp u t was observed on a T insley ty p e 4500 A (50 ohms) galvanom eter. For th e final m easurem ents it was decided to use instead a superheterodyne receiver w hich was available and which proved to be slightly more sensitive. This is a special form o f instru m en t (known as a spectrum analyzer or spectrom eter) d evelop ed for observing th e spectral distribution o f energy in th e o u tp u t o f tran sm ittin g valves. I ts useful feature in th e p resent application is th a t its sen sitiv ity rem ains alm ost con stan t, w ith o u t ad ju stm en t o f a n y controls, over a sm all band o f frequencies. T he tu n in g controls o f th e receiver are set so th a t th e resonant frequency o f th e ca v ity is near th e m iddle o f th is band. T hen as t h e ' oscillator frequency is varied through th e resonant value a peak deflexion is observed w ith o u t an y retuning o f th e receiver. 
Measurement of resonant frequencies and quality factors
T he assem bly o f resonator and bell-jar w as w ell lagged to ensure th a t a n y te m perature changes occurring were v ery slow , and th a t th e valu e recorded on a th erm o m eter in good therm al con tact w ith th e resonator represented its actual tem perature w ithin 0* 1° C. T he sy stem w as evacu ated a t least 12 hr. before th e electrical m easure m ents were m ade. T he electrical equipm ent w as also sw itched on som e hours before it w as required for use in order th a t th e various oscillators w ould reach a stead y tem perature and th e m easurem ents could be m ade under th e m ost favourable conditions. A s explained in § 3* 1 th e m easurem ent consisted in th e ad ju stm en t o f th e oscillator to th e resonant frequency o f th e c a v ity and th en in th e m easurem ent o f th is frequency in term s o f th e standard. I t w as carried ou t b y tw o observers to elim inate an y appreciable tim e interval b etw een th e tw o operations. Precautions were tak en to ensure th a t th e m axim um deflexion in th e receiver did in fa ct correspond to th e resonant condition o f th e cavity.
I t w as established th a t there w as no appreciable change in th e ou tp u t o f th e oscillator as th e tu n in g w as varied in th e region o f resonance. There are in th e circuit several short lengths o f cable and connecting plugs and sockets. T he im pedance o f th ese and therefore th e power available a t th e probes changes w ith frequency, b u t ow ing to th e resistance o f th e cable such tuning effects were o f a different order o f sharpness from th e ca v ity resonance. I t w as easy to arrange th a t for th e sm all frequency change in volved in passing through resonance there w as no appreciable am plitude change due to these effects. A n overall check w as obtained, in prelim inary experim ents, b y increasing th e insertion o f th e probes in order to g iv e a con venient deflexion on th e oscilloscope o f th e receiver b y direct coupling betw een them w hen th e ca v ity w as n o t in resonance. T he frequency w as varied a few m egacycles on b oth sides o f th e resonant value, and it w as verified th a t th e am plitude o f th e oscilloscope deflexion rem ains con stan t as it m oves along th e tim e base on b o th sides o f th e ca v ity resonance.
T he voltage supplies to th e oscillator were set so th a t frequency variations due to any residual "fluctuations in them were reduced to a m inim um . U nder good conditions th e frequency band over w hich an audible beat n ote could be obtained in th e heterodyne w ave-m eter w as less th an 1 part in 105 o f th e frequency, and th e settin g to th e m id-point o f th e band w as m ade w ith a precision o f ± 2 parts in 106.
T he Q o f th e resonator w as m easured b y observing th e change in frequency from th e resonant value required to reduce th e d etected current to 1/^2 o f its peak value.
I f th is change is
8 ft h en th e Q isf/28f. T he value w as checked b y m easurem ents w ith th e crystal detector and galvanom eter under conditions for w hich the detector was know n to give a square law w ithin close lim its.
Measurement of dimensions
The dim ensions o f th e resonator were m easured in th e M etrology D ivision o f the N ational P hysical Laboratory. e com parator under th e con tact tip , and th e h eight o f th e other end o f th e  cylinder was m easured a t various positions b y com parison w ith a wrung com R eson an ce w as d etected on th e spectrum an alyzer as described in § 3*3. T he uncertainties due to th e first three causes can be established from th e accuracy o f repetition and a know ledge o f th e band-w idth o f th e receiver and frequency sta b ility o f th e oscillator. T he errors due to th e other causes cannot be estim ated w ith such certainty. T h at due to th e coupling is estim ated from th e results given in § 5*2. A s regards th e non-uniform ity o f th e resonator it w ill be seen from tab les 3 and 4 th a t th e m axim um d eviation s o f th e dim ensions from th e m ean are +2*7 and -2*0 [i,and th a t th e variations occur in a sm ooth m anner. I t is estim ated therefore th a t th e average dim ensions are know n to 0*5/t. P revious results (E ssen 1946) obtained w ith m uch less uniform resonators support th e assum ption th a t an average value can be taken, although it cannot be assum ed th a t th e non-uniform ity o f dim ensions affects different m odes o f resonance in th e sam e w ay. A n overall error o f 1 x 10-5 has therefore been allow ed for th ese uncertainties.
5*1. Internal diameter
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T he to ta l value o f th e correction due to the finite resistance o f th e w alls o f the resonator is approxim ately 3 x 10-5, A n u ncertain ty is introduced because o f th e im perfections in th e surface o f th e resonator and a lack o f know ledge o f th e precise p ath o f th e current. I t is th ou ght th a t these effects are to som e e x ten t taken account o f by using th e m easured valu e o f Q in th e calculations. T he valu e o f is accurate to about 5 %, and th e overall error has been estim ated a t 0*5 x 10-5.
The results obtained before and after th e m etrological m easurem ents do n ot give quite such good agreem ent as w as u sually obtained during th e prelim inary m easure m ents on d ism antling and reassem bling th e resonator. H ow ever, in view o f th e im portance o f associatin g th e frequency m easurem ents closely in tim e w ith th e m easurem ent o f dim ensions, th e values were accep ted and their m ean tak en as giving th e final result. T he difference b etw een th e values o f v elo city obtained for the tw o m odes is also rather larger th an exp ected . T he uncertain ty in th e dim ensions could contribute to th is, since th e len gth and diam eter affect th e resonant frequencies to different ex ten ts, and th e residual errors due to coupling and non-uniform ity could also have different effects on th e tw o m odes. 
